Dual modulation of a potassium channel by the m1 muscarinic and beta2-adrenergic receptors.
Neurotransmitter receptors alter membrane excitability and synaptic efficacy by generating intracellular signals that ultimately change the properties of ion channels. Given their critical role in controlling cell membrane potential, potassium channels are frequently the targets of modulatory signals from many different G protein-coupled receptors. However, due to the heterogeneity of potassium channel expression in vivo, it has been difficult to determine the molecular mechanisms governing the regulation of molecularly defined potassium channels. Through expression studies in Xenopus oocytes and mammalian cells, we found that the m1 muscarinic acetylcholine receptor (mAChR) potently suppresses a cloned delayed rectifier potassium channel, termed RAK, through a pathway involving phospholipase C activation and direct tyrosine phosphorylation of the RAK protein. In contrast, we found that RAK channel activity is strongly enhanced following agonist activation of beta2-adrenergic receptors; this effect requires a single PKA consensus phosphorylation site located near the amino terminus of the channel protein. These results demonstrate that a specific type of potassium channel that is widely expressed in the mammalian brain and heart is subject to both positive and negative regulation by G protein-dependent pathways.